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CHANNEL SCHEDULING FOR SPATIAL
REUSE

BACKGROUND

IEEE 802.11ax standard proposes a Inter-BSS (Basic
Service Set) power detection mechanism and BSS coloring
for spatial reuse. Therefore, a less sensitive Clear Channel
Assessment (CCA) threshold may be used for frames trans-
mitted to overlapping radio frequency (RF) coverage areas
between adjacent APs. The less sensitive CCA threshold
may enable more simultaneous transmissions, but also intro-
duces more channel collisions.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram illustrating an example wireless
system 1ncluding a network device capable of channel
scheduling for spatial reuse according to the present disclo-
Sure;

FIG. 2 1s a diagram illustrating an example channel
scheduling rules configuration procedure according to pres-
ent disclosure;

FIG. 3 1s a block diagram illustrating another example
wireless system including a network device capable of
channel scheduling for spatial reuse according to the present
disclosure:

FIG. 4 1s a block diagram illustrating another example
wireless system including a network device capable of
channel scheduling for spatial reuse according to the present
disclosure:

FIG. 5 1s a block diagram illustrating another example
wireless system including a network device capable of
channel scheduling for spatial reuse according to the present
disclosure:

FIG. 6 1s a tlow chart illustrating an example method for
channel scheduling for spatial reuse according to present
disclosure:

FIG. 7 1s a schematic 1llustrating example components for
implementing the network device shown 1n FIG. 1 according
to present disclosure.

DETAILED DESCRIPTION

Each access point (AP) has a certain RF coverage area.
When the distance between adjacent APs 1s relatively close,
the RF coverage areas of adjacent APs may overlap with
cach other. So, the overlapping RF coverage area between
adjacent APs may be referred to as an overlapping area, and
a client located in the overlapping area may be referred to as
an overlapping client.

When at least two APs send signals to an overlapping area
simultaneously, channel collision may occur. For example,
when there 1s an overlapping area between two APs and both
APs send signals to an overlapping client 1n the overlapping
area, the overlapping client may simultaneously receive
signals sent by the two APs so that a channel collision
occurs. Since the two APs use less sensitive CCA threshold,
more channel collisions may occur.

Accordingly, 1n the examples herein, when the distance
between a network device and other adjacent network
devices 1s relatively close, the network device may deter-
mine an overlapping area between the network device and
adjacent network device and overlapping clients located 1n
the overlapping area. After synchronizing the clock with
adjacent network device, the network device may negotiate
with other network device to generate and allocate respec-
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tive overlapping access window, overlapping forbidden win-
dow and non-overlapping access window for the network
device and the other adjacent network device in beacon
intervals.

Wherein, during the overlapping access window, the
network device may send frame to the overlapping area,
meanwhile the network device may also send frame to other
areas; during the overlapping forbidden window, the net-
work device 1s not allowed to transmit frame to the over-
lapping area and 1s not allowed to send the high-powered
Omni-directional signal to the air interface; during the
non-overlapping access window, the network device 1s
allowed to send frame to non-overlapping clients and 1is
allowed to send frame to overlapping client.

Then, the allocated overlapping access window, overlap-
ping forbidden window and non-overlapping access window
may be stored as channel scheduling rules for spatial reuse
in a channel scheduler of the network device. Theretfore, the
frame transmission of the network device may be controlled
according to the channel scheduling rules. With the above
method, downlink channel collisions can be obviously
reduced without sacrificing simultaneous transmit. More-
over, since the channel collision can be avoided through the
above method, the Inter-BSS CCA threshold can be more
flexibly set.

In one example, a first network device comprises a
processor to determine that a client device 1s located 1n an
overlapping area between the first network device and a
second network device, to synchronize a first clock of the
first network device with a second clock of the second
network device, to negotiate, with the second network
device, a overlapping access window, an overlapping for-
bidden window, and a non-overlapping access window for
the first network device and the second network device n
beacon 1ntervals, to allocate the overlapping access window,
the overlapping forbidden window, and the non-overlapping
access window by the first network device;

store the allocated overlapping access window, the allo-
cated overlapping forbidden window, and the allocated
non-overlapping access window as channel scheduling rules
for spatial reuse, and to control frame transmission of the
network device based on the channel scheduling rules.

In another example, a method for channel scheduling for
spatial reuse comprises: determining, by a processor of a
first network device, that a client device 1s located in an
overlapping arca between the first network device and a
second network device; synchronizing, by the processor, a
first clock of the first network device with a second clock of
the second network device; negotiating, by the processor,
with the second network device, a overlapping access win-
dow, an overlapping forbidden window, and a non-overlap-
ping access window for the first network device and the
second network device 1n beacon intervals; allocating, by
the processor, the overlapping access window, the overlap-
ping forbidden window, and the non-overlapping access
window by the first network device; storing, by the proces-
sor, the allocated overlapping access window, the allocated
overlapping forbidden window, and the allocated non-over-
lapping access window as channel scheduling rules for
spatial reuse; and controlling, by the channel scheduler,
frame transmission of the AP based on the channel sched-
uling rules.

In another example, a non-transitory computer readable
storage medium storing instructions that, when executed by
a processor of an AP, causes the processor to determine that
a client device 1s located 1n an overlapping area between the
first network device and a second network device, to syn-
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chronize a first clock of the first network device with a
second clock of the second network device, to negotiate,
with the second network device, a overlapping access win-
dow, an overlapping forbidden window, and a non-overlap-
ping access window for the first network device and the
second network device in beacon intervals, to allocate the
overlapping access window, the overlapping forbidden win-
dow, and the non-overlapping access window by the first
network device, to store the allocated overlapping access
window, the allocated overlapping forbidden window, and
the allocated non-overlapping access window as channel
scheduling rules for spatial reuse, and to control frame
transmission of the network device based on the channel
scheduling rules.

As used herein, a “network device” generally includes a
device that 1s adapted to transmit and/or receive signaling
and to process information within such signaling and to
provide wireless local area network services to a station
(e.g., any data processing equipment such as a computer,
cellular phone, personal digital assistant, tablet devices,
etc.). The “network device” may include access points, data
transfer devices, network switches, routers, controllers, etc.
As used herein, an “access point” (AP) generally refers to
receiving points for any known or convenient wireless
access technology which may later become known. Specifi-
cally, the term AP 1s not intended to be limited to IEEE
802.11-based APs. APs generally function as an electronic
device that 1s adapted to allow wireless devices to connect
to a wired network via various communications standards.

It 1s appreciated that examples described herein below
may include various components and features. Some of the
components and features may be removed and/or modified
without departing from a scope of the device, method and
non-transitory computer readable storage medium. It 1s also
appreciated that, i the following description, numerous
specific details are set forth to provide a thorough under-
standing of the examples. However, 1t 1s appreciated that the
examples may be practiced without limitations to these
specific details. In other instances, well known methods and
structures may not be described 1n detail to avoid unneces-
sarily obscuring the description of the examples. Also, the
examples may be used 1n combination with each other.

Reference 1n the specification to “an example” or similar
language means that a particular feature, structure, or char-
acteristic described 1n connection with the example 1is
included 1n at least one example, but not necessarily 1n other
examples. The various instances of the phrase “in one
example” or similar phrases 1n various places 1n the speci-
fication are not necessarily all referring to the same example.
As used herein, a component 1s a combination of hardware
and software executing on that hardware to provide a given
functionality.

FIG. 1 1s a block diagram illustrating an example wireless
system 1ncluding a network device capable of channel
scheduling for spatial reuse according to the present disclo-
sure. Referring to FIG. 1, a wireless system, e.g. a wireless
local area networks (WLAN), comprises a network device
10, at least one adjacent network device 20 and at least one
client 30.

The network device 10 and the network device 20 may be
APs or any other network devices capable of transmitting,
wireless transmissions to and receiving wireless transmis-
sions from the client 30.

The client 30 may be a smart phone, a mobile phone, a
Personal Digital Assistant (PDA), a portable personal com-
puter, an AIO (all-in-one) computing device, a notebook, a
convertible or hybrid notebook, a notebook, a tablet, a
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cellular device, a desktop computer, a multimedia player, an
entertainment unit, a data communication device, a portable
reading device, or any other computing device capable of
transmitting and receiving wireless transmissions.

The network device 10 may include at least one antenna
11 that may be coupled to a memory 12 storing channel
scheduling rules 14 for transmitting the wireless transmis-
sions to and receiving the wireless transmissions from the
client 30; the network device 10 also includes processor 13.
The network device 20 may also include at least one antenna
21 that may be coupled to a memory 22 storing channel
scheduling rules 24 for transmitting the wireless transmis-
sions to and recerving the wireless transmissions from the
client 30; the network device 10 also includes processor 23.

The client 30 may include at least one antenna 31 that may
be coupled to a RF ftransceiver 32 for transmitting the
wireless transmissions to and receiving the wireless trans-

missions from the network device 10 or the network device
20.

The network device 10 may 1nclude a processor 13. When
the distance between the network device 10 and other
network devices 1s relatively close, the processor 13 of the
network device 10 may determine at least one overlapping
client located 1n an overlapping area between the network
device 10 and other adjacent network devices.

For example, if the network device 10 hears the signal
transmitted by a client (e.g., the client 30) through passive
listening on the channel, the client may be regarded as
visible. If the client 1s connected with other network device
(e.g., the network device 20) and the signal level of the client
reaches a preset threshold, the client may be regarded as an
overlapping client located 1n an overlapping areca between
the network device 10 and the network device 20.

The preset threshold may be set in advance, and its value
may depend on the designed density and network capacity.
By default, the preset threshold may be set to be the same as
the Inter-BSS CCA threshold.

In addition, adjacent network devices may exchange
overlapping client information through backbone network or
air interface. For example, the network device 10 may tell
the network device 20 that some clients fall in overlapping
area, so that the network device 20 may treat these clients as
overlapping clients.

In addition, in the above example, only two adjacent
network devices are shown. However, the above method
may also apply to more adjacent network devices.

Moreover, when there 1s an overlapping area between at
least 3 adjacent network devices, overlapping clients 1n the
overlapping area may be grouped.

For example, when there 1s an overlapping area between
network devices A, B and C, overlapping clients in over-
lapping areas between network devices A and B may be
grouped 1nto a first client-group, and overlapping clients 1n
overlapping areas between network devices A and C may be
grouped 1nto a second client-group, and overlapping clients
in overlapping areas between network devices B and C may
be grouped 1nto a third client-group.

After determining overlapping client 1n the overlapping
area, the processor 13 of the network device 10 may
synchronize the clock with other network device. For
example, the network device 10 and the network device 20
may synchronize clock with each other through Timing
Synchronization Function (TSF) in beacon.

After synchronizing the clock, the processor 13 of the
network device 10 may negotiate with other network device
to generate and allocate respective overlapping access win-
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dow, overlapping forbidden window and non-overlapping
access window for the network device and other network
device 1n beacon intervals.

FIG. 2 1s a diagram 1illustrating an example channel
scheduling rules configuration procedure according to pres-
ent disclosure. Referring to FI1G. 2, 1n one example, AP1 and
AP2 may negotiate to generate and allocate their respective
overlapping access window, overlapping forbidden window
and non-overlapping access window 1n a beacon interval
200.

Before starting the negotiation, a master AP may be preset
to mitiate the channel scheduling rules configuration proce-
dure. For example, an AP with the smallest Medium Access
Control (MAC) address may be set as the master AP, or an
AP with the largest MAC address may also be set as a master
AP. In FIG. 2, for example, AP1 may be preset as the master
AP.

As shown i FIG. 2, AP1 and AP2 may generate and
allocate their own overlapping access window, overlapping
torbidden window and non-overlapping access window 1n
beacon intervals as follows:

a) AP1 may allocate unused time units as AP1’s overlap-
ping access window (e.g., the slashed area as shown 1n FIG.
2) 1n a beacon interval 200, and may nform AP2 of the
information of the allocated overlapping access window.

For example, AP2 may be informed of the information of
the allocated overlapping access window through a request
message.

b) After receiving the above information, the AP2 may
allocate 1ts own overlapping forbidden window and over-
lapping access window 1n the beacon interval 200 according
to the received information.

For example, the AP2 may check whether the time units
corresponding to the overlapping access window of the AP1
in the beacon interval 200 contlicts with the time units that
the AP2 wishes to allocate as its own overlapping access
window according to the received message; if not, AP2 may
allocate the time units corresponding to the overlapping
access window of the AP1 1n the beacon interval as 1ts own
overlapping forbidden window (e.g., the point area as shown
in FIG. 2), and may allocate the wished time units as its own
overlapped access window; 1f contlicts, AP2 may allocate
non-conflicting time units 1n the beacon interval as 1ts own
overlapping access window, and may allocate the time units
corresponding to the overlapping access window of the AP1
in the beacon interval 200 as 1ts overlapping forbidden
window.

c) AP2 may mform AP1 of the information of the over-
lapping access window of AP2.

For example, AP1 may be mformed of the information of
the overlapping access window of AP2 through a request
message.

d) After receiving the above information, the AP1 may
allocate 1ts own overlapping forbidden window 1n the bea-
con interval according to the received information.

For example, the AP1 may allocate the time units corre-
sponding to the overlapping access window of the AP2 in the
beacon nterval 200 as 1ts overlapping forbidden window.
Theretore, AP1’s overlapping access window may corre-
spond to AP2’s overlapping forbidden window, and AP1’s
overlapping forbidden window may correspond to AP2’s
overlapping access window.

¢) AP1 and AP2 may allocate their own non-overlapping
access window according to their respective overlapping
access window and overlapping forbidden window.

For example, AP1 may allocate other time units 1n the
beacon interval 200 other than the overlapping access win-
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6

dow and overlapping forbidden window as non-overlapping
access window (e.g., the blank areas as shown 1n FIG. 2).
Similarly, AP2 may also do similar operations at the same
time.

Through the above method, AP1 and AP2 may generate
and allocate their own overlapping access window, overlap-
ping forbidden window and non-overlapping access window
in beacon intervals.

Further, 1n another example, when the overlapping for-
bidden window 1s allocated according to the overlapping
access window, at least one time unit may be added to both
sides of the time unit corresponding to the overlapping
access window, and these time units may be allocated as
overlapping forbidden window, so that the duration of the
overlapping forbidden window i1s wider than the duration of
the corresponding overlapping access window, as shown 1n
FIG. 2.

After the overlapping access window, overlapping forbid-
den window and non-overlapping access window are allo-
cated 1n the beacon interval 200, the allocated overlapping
access window, overlapping forbidden window and non-
overlapping access window may be stored as channel sched-
uling rules 14 for spatial reuse in the memory 12 of the
network device 10. Therefore, the frame transmission of the
network device 10 may be controlled according to the
channel scheduling rules 14.

For example, during the overlapping access window, the
network device 10 may send frame to the overlapping area;
meanwhile the network device 10 may also send frame to
other areas, as shown in FIG. 2, such as Orthogonal Fre-
quency Division Multiple Access (OFDMA) {frames:
OFDMA 201, OFDMA 202, etc., User Beamforming (MU-
BF, Mult1 User Beamiorming) frames: such as MU-BF 204,
MU-BF 205, etc., Non-Beamiorming 206 efc.

Therefore, 1n other periods that are not overlapping access
window, the network device 10 may bufler the traflic of the
overlapping client 1n the overlapping area. Then, until dur-
ing the period of the overlapping access window, the net-
work device 10 may send the buflered traflic to the over-
lapping client C3 1n the overlapping area.

However, when the network device 10 1s performing
simultaneous transmit such as Orthogonal Frequency Divi-

sion Multiple Access (OFDMA) and Multi-User Multiple
Input Multiple Output (MU-MIMO), or when there 1s no
overlapping client’s traflic, the network device 10 may use
the time units corresponding to the overlapping access
window for other clients that are not in the overlapping area.

For another example, during the overlapping forbidden
window, the network device 10 may be not allowed to
transmit irame to the overlapping areca and may be not
allowed to send the high-powered Omni-directional signal to
the air interface. During this period, the network device 10
may send directional frames such as Single User Beamiorm-
ing (SU-BF) 203, 207, 208 or Mult1 User Beamiorming
(MU-BF) to clients outside the overlapping area, or send a
low power Omni-directional signal to the air interface.

For another example, during non-overlapping access win-
dow, the network device 10 may be allowed to send frame
to non-overlapping clients (1.e., C1, C2) and 1s not allowed
to send frame to overlapping client. At thus point, there are
no additional limits on channel access. The network device
10 just needs to follow the standard 802.11 protocol.
Although Wi-F1 signals may also collide 1 overlapping
area, but 1t 1s harmless because the packet 1s not suitable for
overlapping area clients.

FIG. 3 1s a block diagram illustrating another example
wireless system including a network device capable of
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channel scheduling for spatial reuse according to the present
disclosure. Referring to FIG. 3, AP1 and AP2 are adjacent,

and both AP1 and AP2 can send signals with different
transmission powers (eg, —40 dbm and —60 dbm). Therefore,
there 1s an overlapping area between AP1 and AP2. There
may be multiple clients (1.e., 30-1, 30-2, 41-1, 41-2, . . .,
41-N) within the coverage of AP1. There may be multiple
clients (1.e., 30-1, 30-2, 42-1, 42-2, . . ., 42-N) within the
coverage of AP2. Wherein, the clients 30-1 and 30-2 located
in the overlapping area between AP1 and AP2 are overlap-
ping clients.

As shown in FIG. 3, if there 1s an overlapping area
between AP1 and AP2 and there are overlapping clients in
the overlapping area, and AP2 i1s during its overlapping
access window, AP2 may send frame to the overlapping
clients 1n the overlapping area through OFDMA (eg,
OFDMA 411, 412, and 413, etc.); meanwhile, AP2 may also
send frame to other areas. At this time, AP1 1s in the
overlapping forbidden window, so AP1 i1s not allowed to
send a signal to the overlapping area, and 1s not allowed to
send the high-powered Omni-directional signal to the air
interface, but it 1s allowed to send frame to non-overlapping
clients outside the overlapping area through MU-MIMO (eg,
MU-MIMO 401, 402, 403, etc.).

FIG. 4 1s a block diagram 1llustrating another example
wireless system including a network device capable of
channel scheduling for spatial reuse according to the present
disclosure.

As shown m FIG. 4, if there 1s an overlapping area
between AP1 and AP2 and there are overlapping clients in
the overlapping areca, and AP2 i1s during i1ts overlapping
access window, AP2 may send frame to the overlapping
clients in the overlapping area through Orthogonal Fre-

quency Division Multiplexing (OFDM), Complementary
Code Keying (CCK) and/or Modulation and Coding Scheme

(MCS) (eg, OFDM/CCK/MCS 414, etc.); meanwhile, AP2
may also send frame to other areas. At this time, AP1 1s in
the overlapping forbidden window, so AP1 1s not allowed to
send a signal to the overlapping area, and 1s not allowed to
send the high-powered Omni-directional signal to the air
interface, but 1t 1s allowed to send frame to non-overlapping
clients outside the overlapping area through MU-MIMO (eg,
MU-MIMO 404, 405, 406, ctc.).

FIG. 5 1s a block diagram illustrating another example
wireless system including a network device capable of
channel scheduling for spatial reuse according to the present
disclosure.

As shown 1 FIG. 5, if there 1s an overlapping area
between AP1 and AP2 and there are overlapping clients in
the overlapping area, and AP2 i1s during 1ts overlapping
access window, AP2 may send frame to the overlapping
clients 1n the overlapping area through OFDM, CCK and/or
MCS (eg, OFDM/CCK/MCS 415, etc.); meanwhile, AP2
may also send frame to other areas. At this time, AP1 1s in
the overlapping forbidden window, so AP1 1s not allowed to
send a signal to the overlapping area, and 1s not allowed to
send the high-powered Omni-directional signal to the air
interface, but 1t 1s allowed to send directional frames such as
Single User Beamiorming (SU-BF) or Mult1 User Beam-
forming (MU-BF) (eg, Beamforming 407, etc.) to non-
overlapping clients outside the overlapping area.

FIG. 6 1s a flow chart illustrating an example method for
channel scheduling for spatial reuse according to present
disclosure.

Referring to FIG. 6: A method 600 for channel scheduling
for spatial reuse comprises: determining, by a processor of
a first network device, that a client device 1s located 1n an
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overlapping area between the first network device and a
second network device, at 601.

The method 600 comprises synchronizing, by the proces-
sor, a first clock of the first network device with a second
clock of the second network device, at 602.

The method 600 comprises negotiating, by the processor,
with the second network device, a overlapping access win-
dow, an overlapping forbidden window, and a non-overlap-
ping access window for the first network device and the
second network device 1n beacon intervals, at 603.

The method 600 comprises allocating, by the processor,
the overlapping access window, the overlapping forbidden
window, and the non-overlapping access window by the first
network device, at 604.

The method 600 comprises storing, by the processor, the
allocated overlapping access window, the allocated overlap-
ping forbidden window, and the allocated non-overlapping

access window as channel scheduling rules for spatial reuse,
at 603.

The method 600 comprises controlling, by the channel
scheduler, frame transmission of the AP based on the chan-
nel scheduling rules, at 606.

FIG. 7 1s a schematic 1llustrating example components for
implementing the network device shown in FIG. 1 according
to present disclosure. Referring to FIG. 7, the first network
device 700 includes a processor 701 and a non-transitory
computer readable storage medium 702.

The non-transitory computer readable storage medium
702 stores instructions excitable for the possessor 701.

The structions include determining instructions, when
executed by the processor 701, causes the processor 701 to
determine that a client device 1s located 1n an overlapping
area between the first network device and a second network
device.

The mstructions include synchronizing instructions, when
executed by the processor 701, causes the processor 701 to
synchronize a first clock of the first network device with a
second clock of the second network device.

The instructions include negotiating instructions, when
executed by the processor 701, causes the processor 701 to
negotiate, with the second network device, a overlapping
access window, an overlapping forbidden window, and a
non-overlapping access window for the first network device
and the second network device in beacon intervals.

The 1nstructions include allocating instructions, when
executed by the processor 701, causes the processor 701 to
allocate the overlapping access window, the overlapping
forbidden window, and the non-overlapping access window
by the first network device.

The instructions include storing instructions, when
executed by the processor 701, causes the processor 701 to
store the allocated overlapping access window, the allocated
overlapping forbidden window, and the allocated non-over-
lapping access window as channel scheduling rules for
spatial reuse.

The instructions include controlling instructions, when
executed by the processor 701, causes the processor 701 to
control frame transmission of the network device based on
the channel scheduling rules.

While the present disclosure has been described in con-
nection with certain exemplary embodiments, 1t 1s to be
understood that the disclosure i1s not limited to the disclosed
embodiments, but, on the contrary, 1s mtended to cover
various modifications and equivalent arrangements included
within the spirit and scope of the appended claims, and
equivalents thereof.
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What 1s claimed 1s:

1. A first network device comprising:

a processor to:

determine that a client device 1s located 1n an overlapping,

areca between the first network device and a second
network device;:
synchronize a first clock of the first network device with
a second clock of the second network device;

negotiate, with the second network device, a overlapping
access window, an overlapping forbidden window, and
a non-overlapping access window for the first network
device and the second network device 1n beacon inter-
vals;

allocate the overlapping access window, the overlapping

forbidden window, and the non-overlapping access
window by the first network device;

store the allocated overlapping access window, the allo-

cated overlapping forbidden window, and the allocated
non-overlapping access window as channel scheduling
rules for spatial reuse; and

control frame transmission of the network device based

on the channel scheduling rules, wherein the processor
further to generate and allocate the overlapping access
window, the overlapping forbidden window and the
non-overlapping access window for the first network
device 1 beacon intervals by:

allocating unused time units as the overlapping access

window 1n a particular beacon interval, and transmit-
ting to the second network device of allocated over-
lapping access window information to allow the second
network device to allocate its overlapping forbidden
window and overlapping access window 1n the particu-
lar beacon interval;

receiving overlapping access window information from

the second network device:

allocating the overlapping forbidden window 1n the par-

ticular beacon interval based on the received overlap-
ping access window information from the second net-
work device:

allocating the non-overlapping access window based on

the allocated overlapping access window and allocated
overlapping forbidden window for the first network
device.

2. The network device of claim 1, wherein, during the
overlapping access window, the processor transmits a plu-
rality of frames to the overlapping area; wherein, during the
overlapping forbidden window, the processor refrains from
transmitting the plurality of frames to the overlapping area
and from transmitting high-powered ommni-directional sig-
nals; and wherein, during the non-overlapping access win-
dow, the processor transmits the plurality of frames to a
non-overlapping client and refrains from transmitting the
plurality of frames to an overlapping client.

3. The network device of claim 1, wherein the overlapping
access window of the first network device corresponds to the
overlapping forbidden window of the second network
device, and wherein the overlapping forbidden window of
the first network device corresponds to the overlapping
access window of the second network device.

4. The network device of claim 1, wherein a first duration
of the overlapping forbidden window of the first network
device exceeds a second duration of the overlapping access
window of the first network device.

5. The network device of claim 4, wherein 1n response to
the overlapping forbidden window being allocated based on
the overlapping access window, the processor adds a first
time unit corresponding to the overlapping access window
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of the first network device and a second time unit corre-
sponding to the overlapping access window of the second
network device, and wherein the first and second time units
are allocated as an overlapping forbidden window for the
first network device and the second network device respec-
tively.

6. A method comprising:

determiming, by a processor of a first network device, that

a client device 1s located in an overlapping area
between the first network device and a second network
device;

synchronizing, by the processor, a first clock of the first

network device with a second clock of the second
network device;
negotiating, by the processor, with the second network
device, a overlapping access window, an overlapping
forbidden window, and a non-overlapping access win-
dow for the first network device and the second net-
work device in beacon intervals;
allocating, by the processor, the overlapping access win-
dow, the overlapping forbidden window, and the non-
overlapping access window by the first network device;

storing, by the processor, the allocated overlapping access
window, the allocated overlapping forbidden window,
and the allocated non-overlapping access window as
channel scheduling rules for spatial reuse; and

controlling, by the channel scheduler, frame transmission
of the AP based on the channel scheduling rules,
wherein the processor further to generate and allocate
the overlapping access window, the overlapping for-
bidden window and the non-overlapping access win-
dow for the first network device 1n beacon intervals by:

allocating unused time units as the overlapping access
window 1n a particular beacon interval, and transmiut-
ting to the second network device of allocated over-
lapping access window information to allow the second
network device to allocate its overlapping forbidden
window and overlapping access window 1n the particu-
lar beacon interval;

recerving overlapping access window information from

the second network device;

allocating the overlapping forbidden window 1n the par-

ticular beacon interval based on the received overlap-
ping access window information from the second net-
work device;

allocating the non-overlapping access window based on

the allocated overlapping access window and allocated
overlapping forbidden window for the first network
device.

7. The method of claim 6, wherein, during the overlapping
access window, the processor transmits a plurality of frames
to the overlapping area; wherein, during the overlapping
forbidden window, the processor refrains from transmitting
the plurality of frames to the overlapping area and from
transmitting high-powered omni-directional signals; and
wherein, during the non-overlapping access window, the
processor transmits the plurality of frames to a non-over-
lapping client and refrains from transmuitting the plurality of
frames to an overlapping client.

8. The method of claim 6, wherein the overlapping access
window of the first network device corresponds to the
overlapping forbidden window of the second network
device, and wherein the overlapping forbidden window of
the first network device corresponds to the overlapping
access window of the second network device.



US 10,827,521 B2

11

9. The method of claim 6, wherein a first duration of the
overlapping forbidden window of the first network device
exceeds a second duration of the overlapping access window
of the first network device.

10. The method of claim 9, wherein 1n response to the
overlapping forbidden window being allocated based on the
overlapping access window, the processor adds a first time
unit corresponding to the overlapping access window of the
first network device and a second time unit corresponding to
the overlapping access window of the second network
device, and wherein the first and second time units are
allocated as an overlapping forbidden window for the first
network device and the second network device respectively.

11. A non-transitory computer readable storage medium
storing instructions that, when executed by a processor of a
first network device, causes the processor to:

determine that a client device 1s located 1n an overlapping

areca between the first network device and a second
network device;
synchronize a first clock of the first network device with
a second clock of the second network device:

negotiate, with the second network device, a overlapping
access window, an overlapping forbidden window, and
a non-overlapping access window for the first network
device and the second network device 1n beacon inter-
vals:

allocate the overlapping access window, the overlapping

forbidden window, and the non-overlapping access
window by the first network device;

store the allocated overlapping access window, the allo-

cated overlapping forbidden window, and the allocated
non-overlapping access window as channel scheduling
rules for spatial reuse; and

conftrol frame transmission of the network device based

on the channel scheduling rules, wherein the processor
further to generate and allocate the overlapping access
window, the overlapping forbidden window and the
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non-overlapping access window for the first network
device 1 beacon intervals by causing the processor to:

allocate unused time units as the overlapping access
window 1n a particular beacon interval, and transmit-
ting to the second network device of allocated over-
lapping access window information to allow the second
network device to allocate its overlapping forbidden
window and overlapping access window 1n the particu-
lar beacon interval;

recerve overlapping access window information from the

second network device;

allocate the overlapping forbidden window 1n the particu-

lar beacon interval based on the received overlapping
access window information from the second network
device;

allocate the non-overlapping access window based on the

allocated overlapping access window and allocated
overlapping forbidden window for the first network
device.

12. The non-transitory computer readable storage medium
of claim 11, wherein, during the overlapping access window,
the processor transmits a plurality of frames to the overlap-
ping area; wherein, during the overlapping forbidden win-
dow, the processor refrains from transmitting the plurality of
frames to the overlapping area and from transmitting high-
powered ommi-directional signals; and wherein, during the
non-overlapping access window, the processor transmits the
plurality of frames to a non-overlapping client and refrains
from transmitting the plurality of frames to an overlapping
client.

13. The non-transitory computer readable storage medium
of claim 11, wheremn a first duration of the overlapping
forbidden window of the first network device exceeds a
second duration of the overlapping access window of the
first network device.
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